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| Solar and atmospheric v problems:l
| Fits versus bilinear i, MSSM at 1-1001:'
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| Bilinear R-parity breaking I
extension of the MSSMI

Take the Minimal Supersymmetric extension of the Standard
Model (MSSM), add to the superpotential:

W=Wyssu +f,L;H,,

and to the soft supersymmetry breaking terms:

VM'H = | '|J:I~J- \J + ”,"ff-':h'ia

=+ Note that unless Byssy = By ande = m the bilinear
terms can not be eliminated simultaneously from V”ﬂ and W,

= ﬁ,-ffgffu and Bif.'.qu“ violate lepton number

= Presence of Bie;LH, implies that tadpole equations for
sneutrinos are non-trivial: Sneutrino fields acquire VEV

= Only 3 new parameters
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Tree-level neutralino mass gaﬂg]

As a consequence of R, neutrinos and neutralinos mix.

In the basis:

T . . R N - 1
‘FE = (I-"'m Vs Vry -3}‘13 _E)‘fn pr ¢H¢)

The neutralino mass matrix can be written in a block form,

{ 0O m
Mo=( 0 )

29" (7)) 59(7) 0 e
e _I'fa”{’.’u} 39(7,) 0 Cu |
=39 () .T;_t}(.r},.} 0 e

where:

Mo is the MSSM neutralino mass matrix, given by,

l||. f' ( .|11u.|’f1“| l!;rfr” \
0 My lgua —3gv,
.-'ML“ | - :
sV 590 U —H
‘IJ”'IF'-J {"”"”H _I‘Ili U

= M has texture such that at tree-level only one neutrino

picks up mass
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Approximation formula farl
neutrino mass at tree-levell

If the R, parameters are small in the sense that for

§=m-M;&

all §; < 1, then matrix Z, which diagonalizes the neutralino
mass matrix can be approximated by:

= _ (¥ 0 1--%‘65* ~£

= L0 N £ 1 - %{*f
Second matrix above block-diagonalizes M approximately to
the form diag(misy, M,o), where

- A IIH? 4 ) hy;‘.? ‘[i J\;{L}“ -::w ‘-':F_
r“r.lf‘f 3 'lfff”M \“] - '.\“ , ;{ - ,l.rﬂg T
with,

Ai = plp;) + vg€,.

The only non-zero neutrino mass is then given by

my = Tr(megy) =
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1-loop corrected neutrino/neutralino

mass matrix

The one-loop corrected mass matrix is given by

+

M'™ = Mg, + AM'™

X

I-‘-.‘
3 W

J
s
N _x

troe-level

d—dorn—u
Vv = St o W — g9
" — PP

W* = x* or 20 —

Gl _ QU oy SV _ PO

S0 — W+ or SV — 29

T +- i 11
SY — o® or SV =¢

= Complete set necessary for gauge independence!
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1 Am?2,;,, and the alignment vectorl

Range of |K|, giving the correct Am3, to solve the
atmospheric neutrino problem
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Using the tree-level estimation to fiz |A| as a function
ﬂf H and Mg.
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' The atmospheric anglel

If mlor < mte the composition of the 3rd mass eigenstate
is approximately given by:

. Ae
Ues = sin[Atan( )]
IR+ A2
| A
U o - ﬂm[Atﬂ-ﬂ(Wﬁ)]

| Ar
U.3 = sin[Atan( AT+ ﬁi)]

sin*(20,em)
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Figure: The atmospheric angle as a function

of |Aﬂ|/M|



Atmospheric neutrinos and CHOOZI
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CHOOZ and Super-K results prefer oscillations between

Vp = Vs

If Am2,, = 2 x 107% eV2, CHOOZ actually gives limit:
U2, < 0.05

= Thus, A, < (0.3 - 0.4)A, =~ A,. Exact equality of A's not
allowed
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The solar anglel
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= GUT scenario: €/¢; ~ AifA;
= Only SA-MSW allowed

= Non-GUT scenario:
= If |e;/€s] = 1, the solar angle sin®(20,,) — 1
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MSW or vacuum oscillations?l

Just two examples of the neutrino spectrum as function of
e2/|Al:
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= Note: Large tan (3 increases loops strongly
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| Semileptonic Neutralino decayl
branching ratiﬂal
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Ratio of branching ratios for semileptonic LSP decays
into muons and taus: BR(x — u¢'§)/BR(x = 7¢'q)
as function of A, /A,

Directly correlated with atmospheric angle!



13

Summaryl

= Bilinear R, SUSY is a very simple extension of the MSSM

= Clan solve solar and atmospheric neutrino problems if 1-loop
contributions are taken carefully into account

= Big advantage: Testable within a few years at accelerators



